The purpose of this paper is to describe how a simulation project should be performed in order to ensure a successful outcome.
INTRODUCTION
The purpose of this paper is to describe how a simulation project should be performed in order to ensure a successful outcome.
Firstly it is important to understand what is meant by success in the context of a simulation project.
Here a successful project is considered to be one where the results and recommendations are accepted by the customer. Since the simulation modeller rarely has much influence over whether those results and recommendations are actually implemented this definition of success does not include implementation. However, there is little doubt that getting the results accepted is a significant and necessary step towards getting the results implemented (Schultz and Slevin 1975) . Acceptability is derived from two main concepts: a valid simulation model, which Law and Kelton (1991) define as a model that is an accurate representation of the actual system being modelled; and a credible study, which McLeod (1982) defines as 'the quality or power of inspiring belief.
Therefore, throughout a simulation project the aim should be to secure both of these which requires skills in simulation and project management. This paper aims to briefly describe how this might be achieved. The paper starts with an overview of a simulation study which is then followed by a more detailed discussion of each phase in a simulation project. This discussion concentrates on a description of the processes involved rather than a detailed description of the specific methods and techniques required at each stage. probably a mistake to try and identify each one; it is simply best to recognise that at any point in a project some form of iteration may be necessary. Modern interactive simulation software enhances this iterative process by enabling models to be built in stages.
In terms of time-scales, it is not easy to give general guidance on how long a simulation project will take (it could be anything from a day to a number of years), however, it is useful to consider the proportion of time that needs to be devoted to each phase. Often people think in terms of only model building and do not allow enough time for the other, vital, processes involved. Figure 2 outlines the proportion of a project that will probably be devoted to each phase. The arrows show that each phase may take up a greater or lesser - 
Define Experimental

Factors and Reports
In essence a simulation model takes a set of inputs Without defining these first it is impossible to be sure that the model will be capable of accepting the required inputs and providing the necess~reports.
The objectives of the project are vital in defining the experimental factors and reports. From the objectives it should be possible to identify the likely factors, for instance, the purpose of modelling a manufacturing plant may be to increase throughput. The experimental factors are therefore likely to be elements such as machine cycle times, buffer sizes and the number of operators, all of which directly affect throughput. Similarly the reports should provide statistics which will enable the modeller to check whether the objectives have been achieve@ in this example throughput obviously has to be reported, but also aspects such as machine and operator utilisation.
Determine the Scope and Level of the Model
This stage is also known as conceptual rnodelling.
Here the elements that need to be included in the simulation model are determined. The 'scope' is the breadth of the model, what should be included; the 'level' is the depth of detail required for each element in the model. The basic rule is to only include the minimum scope and level of detail required to meet the objectives of the project. If excessive detail is included then a significant amount of time can be wasted collecting data and building the model. Obviously if the model is not detailed enough then the results may not be sufficiently accurate. Getting the scope and level of detail right is more of an art than a science. The key thing is that the model is able to accept the experimental factors and provide the reports identified in the previous stage.
Beyond this, the model needs to be sufficiently accurate to meet the objectives of the project (Robinson 1994b Each of these stages is now discussed.
Structure the Model
Prior to entering the model into the computer the structure is designed, probably on paper; for the first time the model becomes software specific. This step ensures that, before the simulation software is used, the best method of modelling is considered. It also provides some useful documentation once the model is built. Designing the model on paper first can save time by making sure that the structure is properly thought through before entering the model into the computer.
Build the Model
There are three distinct aspects to model building. Sargent (1992) and Balci (1994) give detailed reviews of validation techniques in simulation. and analysis of the results.
Perform Experiments
Various issues have to be considered when performing simulation experiments. Space does not allow a detailed discussion of the techniques for resolving these, however, a brief outline of the main issues is given below. For a more detailed discussion see Law and Kelton (1991) and Robinson (1994a) .
The first issue is that of a warm-up period. When starting to collect results from a model it is important that the model is in a realistic condition, otherwise the results will be biased. However, many models do not start in a realistic state. For example, a model of a manufacturing plant will normally begin running with no parts in the system. This is not, in most cases, a realistic condition. The problem is resolved by allowing the model to run for a 'warm-up' period before collecting statistics.
Various techniques are available for selecting a warm-up period. An alternative approach is to set up 'starting conditions' in the model; the model is put into realistic state at the beginning of a run. The simplest instance of a starting condition is a model of a service system, such as a bank, where an empty state is a realistic condition at the start of a day's trading.
The second issue is deciding how long a model run should be. Some models have a natural termination point (terminating simulation), for instance, a shop closes at the end of the day, while others have no such termination point (non-terminating simulation). For non-terminating simulations the basic rule is the longer the run, the better. Robinson (1995) describes a method for selecting the run-length for non-terminating simulations.
Third, it is necessary to decide how many replications to perform. A single run of a simulation model is a replication.
Further replications are performed by changing the random numbers generated during the model run and performing further runs with the same scenario. Performing multiple replications is basically a means for increasing the sample size of the results collected and so improving confidence. Law and Kelton (199 1) recommend that at least 3 to 5 replications are performed.
More advanced techniques are available for selecting the number of replications.
The final issue in experimentation is selecting the actual experiments that need to be performed. This is trivial where the model has been built to compare a few alternative scenarios. It is more complex when the brief is to search for some target (for example, a throughput or customer service target) or optimum without defining the means for achieving that. In other words a number of variables could be changed in tandem in order to achieve the desired result and the modeller has to determine the best means for obtaining this. 
Perform Further Simulation Work
Having completed the project further simulation work may be possible.
This could be a case of keeping the model up-to-date enabling continued analysis of the facility in line with its current status. This occurs, for example, when the model continues to be used throughout implementation. A procedure needs to be put in place to ensure that the modeller is notified of any changes to the design of the real facility so these can be incorporated in the model. Another requirement might be a further phase of the same project.
Further phases of work may have been identified either at the beginning of a project or during a later phase. The opportunity now exists to embark on the next phase of the work. Finally, if a project has been successful this increases the chance that a customer will ask for another project to be carried out. The modeller should look for further opportunities to apply simulation.
CONCLUSION
Although this paper only describes the project to the point of accepting the results, it must not be forgotten that if those results are not implemented then the project has probably been a waste of time.
Having obtained acceptance a sensible strategy for implementing the results needs to be put in place. This requires an implementation project in its own right which will ensure that the results are properly implemented and that the outcome is monitored. What has been outlined is a 'model' project. The sequence of events and the details of each phase need to be adapted to individual circumstances. However, this framework provides a useful basis from which to work.
The approach could be considered a traditional project approach. Although modern simulation software enables models to be built in an interactive fashion, this does not dispense with the need for a sound methodology; the problem still needs to be defined, the model still needs to be built and tested, experiments still have to be performed, and the results still have to lx communicated. All this needs to be carried out in an ordered fashion if a project is to succeed.
